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LV SUHGLFWHG WR GRXEOH LQ DLU WUDIILF YROXPH DQG WR
LQFUHDVH VLJQLILFDQWO\ LQ LQGLYLGXDO WUDIILF FRPSDUHG WR
WKH \HDU  7R FRXQWHUDFW WKH SUREOHP RI &2
HPLVVLRQVFRQVHUYDWLRQRI UHVRXUFHVDQGHIILFLHQWGULYH
V\VWHPVLQWKHWUDQVSRUWVHFWRUKDYHEHFRPHLQFUHDVLQJO\
LPSRUWDQW >@ 7KH HOHFWULILFDWLRQ RI WKH SRZHUWUDLQ RI
URDGYHKLFOHVRIIHUVDQRSSRUWXQLW\WRUHGXFHJUHHQKRXVH
JDV HPLVVLRQV ZKLOH HQVXULQJ LQGLYLGXDO PRELOLW\
+RZHYHU MXVW WKHEDWWHU\RIHOHFWULFYHKLFOHV FDXVHVDQ
LQFUHDVHLQPDVVRIDSSUR[LPDWHO\WRNJZKLFK
JUHDWO\ LPSDLUV WKH UDQJH DQGGULYLQJSHUIRUPDQFHRI D
FDU 7KXV OLJKWZHLJKW GHVLJQ KDV WDNHQ D NH\ UROH LQ
HOHFWULFPRELOLW\>@
6WDWHRIWKHDUW
,Q WKH DXWRPRWLYH DQG WKH DHURVSDFH LQGXVWU\ DQ
LQFUHDVLQJ QXPEHU RI K\EULG FRPSRVLWHV VXFK DV
FRPELQDWLRQVRIGLIIHUHQWPHWDOVDQGPHWDOVZLWKSODVWLFV
DUH XVHG LQ PRGHUQ OLJKWZHLJKW GHVLJQV 7R MRLQ WKHVH
GLVVLPLODU PDWHULDO W\SHV PHFKDQLFDO MRLQLQJ
WHFKQRORJLHVDGKHVLYHERQGLQJRUFRPELQDWLRQVRIWKHVH
PHWKRGVDUHFRPPRQO\XVHG>@
$ ZHOO NQRZQ PHFKDQLFDO MRLQLQJ SURFHVV LQ WKH
PHWDOVHFWRULVFOLQFKLQJZKLFKFUHDWHVDFRQQHFWLRQE\
IRUP ILWWLQJ DV ZHOO DV IRUFH FORVXUH WKURXJK D ORFDO
GHIRUPDWLRQ DQG GRHV QRW UHTXLUH IXUWKHU MRLQLQJ
HOHPHQWV >@$GLVDGYDQWDJHRI FRQYHQWLRQDO FOLQFKLQJ
LVWKHSURWUXVLRQRQWKHGRZQZDUGVLGHRIWKHFRPSRXQG
7KLVSUREOHPLVDYRLGHGE\)ODW&OLQFKLQJDWHFKQRORJ\
GHYHORSHG DW WKH &KHPQLW] 8QLYHUVLW\ RI 7HFKQRORJ\
>@
)RU WKH SURGXFWLRQ RI PXOWL PDWHULDO MRLQWV ULYHWLQJ
PHWKRGV VXFK DV VHOISLHUFLQJ ULYHWV DQG EOLQG ULYHWV
ZHUH HVWDEOLVKHG *.66UHVHDUFKFHQWUH *HHVWKDFKW
*HUPDQ\ GHYHORSHG DQG LQYHVWLJDWHG WKH QHZ
WHFKQRORJ\RI)ULFWLRQ5LYHWLQJIRUIRUPFORVXUHMRLQLQJ
RI SRO\PHUV ZLWK PHWDOOLF VWUXFWXUHV 7KLV ULYHWLQJ
SURFHVVIRUPVDKHDWDFFXPXODWLRQRQWKHURWDWLQJPHWDO
ULYHWGXHWRWKHORZWKHUPDOFRQGXFWLYLW\LQWKHSRO\PHU
:KHQ WKH WLS RI WKH ULYHW LV SODVWLFL]HG D IRUJLQJ
SUHVVXUH LV DSSOLHG DQG D SDUDERORLGDO ULYHW KHDG LV
IRUPHG>@
$Q DOWHUQDWLYH WR WKHPHFKDQLFDO MRLQLQJPHWKRGV LV
DGKHVLYH ERQGLQJ 7KLV WHFKQLTXH XVHV DQ DGKHVLYH
ZKLFK LVSODFHGEHWZHHQ WKH VXUIDFHVRI WKHSDUWV WREH
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MRLQHG %RQGHG MRLQWV SURYLGH PRUH IUHHGRP LQ GHVLJQ
DQGDUHUHODWLYHO\HDV\WRSURGXFH,QDGGLWLRQDGKHVLYH
MRLQWVKDYHD ODUJHERQGLQJDUHD LQFRQWUDVW WRSXQFWXDO
PHFKDQLFDOMRLQLQJPHWKRGVDQGQRFXWWLQJRIILEHUVIRU
ILEHUUHLQIRUFHGSODVWLFVRFFXUV>@
(VSHFLDOO\ WR MRLQ WKHUPRSODVWLF SRO\PHUV DQG
WKHUPRSODVWV ZLWK PHWDOV IXVLRQ ERQGLQJ LV D YHU\
LQWHUHVWLQJ WHFKQLTXH ,Q RUGHU WR JHW FRQQHFWHG WKH
SRO\PHUKDVWREHKHDWHGXSDQGEURXJKWLQWRDYLVFRXV
VWDWH$IWHUZDUGVWKHWZRSLHFHVDUHSUHVVHGWRJHWKHUDQG
WKHSODVWLFVFRROGRZQDQG MRLQ'HSHQGLQJRQ WKH W\SH
RI KHDW LQSXW IXVLRQ ERQGLQJ LV GLVWLQJXLVKHG EHWZHHQ
WKHUPDO ZHOGLQJ IULFWLRQ ZHOGLQJ DQG HOHFWURPDJQHWLF
ZHOGLQJ>@
)ULFWLRQ 3UHVV -RLQLQJ )3- LV D MRLQLQJ SURFHVV IRU
PXOWL PDWHULDO FRPELQDWLRQV LQ ODS MRLQW FRQILJXUDWLRQ
EDVHG RQ D PRGLILHG )ULFWLRQ 6WLU :HOGLQJ SURFHVV
)6:7KHSURFHVVZDVLQYHVWLJDWHGDWWKH,QVWLWXWHIRU
0DFKLQH7RROV DQG ,QGXVWULDO0DQDJHPHQW iwb DW WKH
7HFKQLVFKH8QLYHUVLWDHW0XHQFKHQLQFROODERUDWLRQZLWK
($'6 ,QQRYDWLRQ :RUNV *HUPDQ\ 2WWREUXQQ 7KH
DLP RI WKH SURMHFWZDV WKH JHQHUDWLRQ RI UREXVW K\EULG
FRPSRXQGV RI DOXPLQXP DQG ILEHUUHLQIRUFHG
WKHUPRSODVWLF SRO\PHUV 7KH PRVW LPSRUWDQW VWUXFWXUDO
GLIIHUHQFH WR )6: LV WKH DEVHQFH RI D WRRO SLQ
7KHUHIRUHQRPL[LQJRIWKHMRLQLQJSDUWQHUVWDNHVSODFH
7KH SURFHVV IORZ RI )3- DQG WKH DUUDQJHPHQW RI WKH
MRLQLQJSDUWQHUV LV LOOXVWUDWHGLQ)LJ7KHFRPELQDWLRQ
RI FRQWDFW SUHVVXUH JHQHUDWHG WKURXJK WKH D[LDO WRRO
IRUFH FZ DQG URWDWLRQDO VSHHG n RI WKH WRRO FUHDWH
IULFWLRQDO KHDW RQ WKH DOXPLQXP 7KLV LV WUDQVSRUWHG WR
WKH FRQWDFW DUHD E\ KHDW FRQGXFWLRQ DQG PHOWV WKH
SODVWLFVRQWRWKHERWWRPVLGHRIWKHDOXPLQXPSODWH7KH
FRQWDFWIRUFHSURGXFHVDSUHVVXUHWKDWLVDOVRUHTXLUHGIRU
MRLQLQJ RI GLVVLPLODU VWUXFWXUHV ZLWK IXVLRQ ERQGLQJ
WHFKQLTXHV >@ 7KH WUDQVYHUVH GLVSODFHPHQW RI WKH WRRO
ZLWK WKH IHHGUDWH v DORQJ WKH ERQGLQJ OLQH SURYLGHV D
FRPSOHWH FRQQHFWLRQ RI WKH SODVWLFV WR WKH DOXPLQXP
VKHHW7KHSHUPDQHQWFRQQHFWLRQRIWKHSDUWVLVEDVHGRQ
WKHKHDWIORZQDQGWKHFRPSUHVVLYHVWUHVVHVLQWKHMRLQW





ZHLJKW DQG FRVWV FDQEH VDYHG'HSHQGLQJ RQ WKH XVHG
V\VWHP GLVDGYDQWDJHV RI )3- PD\ EH D OLPLWHG












PDLQ SURFHVV SDUDPHWHUV RI WKH )3- DQG VXUIDFH
FRQGLWLRQV RI WKH DOXPLQXP VKHHWV RQ WKH ERQGLQJ
EHKDYLRU DQG MRLQLQJ PHFKDQLVPV RI JODVV ILEHU
UHLQIRUFHG SRO\DPLGH  ZLWK WKH DOXPLQXP DOOR\
(1$: 7KHUHIRUH WKH D[LDO IRUFH WKH URWDWLRQDO
VSHHG DQG WKH IHHGUDWH ZKLFK VLJQLILFDQWO\ DIIHFW WKH
WHPSHUDWXUH LQ WKH LQWHUIDFH OD\HU ZHUH YDULHG 7KH
DQDO\VLV RI WKHERQGLQJEHKDYLRUKDV WREH LQYHVWLJDWHG
LQGHSHQGHQWO\ RI GLVWXUEDQFHV RI WKH SURFHVV OLNH
IOXFWXDWLQJ RU LQFRUUHFW D[LDO IRUFHV $V WKH XVHG &1&
PLOOLQJ PDFKLQH RIIHUV DQ LQVXIILFLHQW FRQWURO RI WKH
SURFHVVIRUFHUHSURGXFLEOHMRLQLQJFRQGLWLRQVFRXOGQRW
EH DSSOLHG ,Q RUGHU WR HOLPLQDWH WKHVH GLVWXUEDQFHV WKH
)3-SURFHVVZDVVXEVWLWXWHGE\VWXGLHVRQDVSHFLILFDOO\
GHVLJQHG DOXPLQXP SODVWLFV ZHOGLQJ WHVW VWDQG 7KLV
FRQVWUXFWLRQ SURYLGHV WKH SRVVLELOLW\ WR VHW WKH MRLQLQJ
WHPSHUDWXUH WKH SUHVVLQJ IRUFH DQG WKH KROGLQJ WLPH
YHU\DFFXUDWHO\DVGHVFULEHGLQWKHIROORZLQJVHFWLRQV
$SSURDFK
7KH H[SHULPHQWV ZHUH SHUIRUPHG ZLWK WKH ZHOGLQJ
WHVW VWDQG ZLWK D FRQVHTXHQW XVH RI WKH PHWKRGV RI
GHVLJQRIH[SHULPHQWV ,Q WKLV VWXG\ WKHFULWLFDOSURFHVV
SDUDPHWHUV WHPSHUDWXUH D[LDO IRUFH DQG KROGLQJ WLPH
DVZHOODVWKHVXUIDFHFRQGLWLRQVRIWKHDOXPLQXPVKHHWV
ZHUHYDULHGDQGFRUUHODWHG WR WKHUHVXOWLQJVKHDU WHQVLOH
VWUHQJWK
([SHULPHQWDOVHWXS




WLPH)RU WKH VSHFLILF DQDO\VLV RI WKHVH WKUHH IDFWRUV DQ
DOXPLQXPSODVWLFVZHOGLQJ WHVW VWDQGZDVGHVLJQHGDQG
LQWHJUDWHG LQWR D =ZLFN = WHQVLOH DQG FRPSUHVVLRQ
WHVWLQJ PDFKLQH $ VFKHPDWLF GUDZLQJ RI WKH ZHOGLQJ
WHVWVWDQGLVVKRZQLQ)LJ7KHDOXPLQXPVDPSOHDQG
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WKHWKHUPRSODVWLFSDUWDUHFODPSHGRQWKHXSSHUFRXQWHU




SXQFK :KHQ WKH WHPSHUDWXUH LV UHDFKHG WKH XSSHU
FRXQWHUSXQFKLVPRYHGDJDLQVWWKHKHDWLQJSXQFKZLWKD
IRUFH FRQWUROOHG PRYHPHQW DQG WKH ERQGLQJ SURFHVV





























)LJ  VKRZV WKH ZHOGLQJ VDPSOH RI DOXPLQXP DQG
WKHUPRSODVWLFVXVHGZLWKLQWKLVVWXG\7KHJHRPHWU\KDV
EHHQ DGMXVWHG DFFRUGLQJ WR ',1 (1  IRU WKH
GHWHUPLQDWLRQRI WKH VKHDU VWUHQJWK RI DGKHVLYH ERQGHG
ODSMRLQWV>@7KHHGJHOHQJWKRIWKHMRLQLQJSDUWQHUVLV
[PPWKHRYHUODSOHQJWKLVPP6DPSOHVRI
WKH DOXPLQXP DOOR\ (1$: KDYH D WKLFNQHVV RI










%HIRUH EHJLQQLQJ WKH DFWXDO H[SHULPHQWDO SURFHGXUH
WKH H[SHULPHQWDO VSDFH KDG WR EH GHWHUPLQHG LQ D
SUHOLPLQDU\LQYHVWLJDWLRQ,QYHVWLJDWLRQUHVXOWVRI)3-RI
DOXPLQXP SODVWLFV FRPSRXQGV ZLWK D PLOOLQJ PDFKLQH
VKRZHG WKDW WKH VKHDU WHQVLOH VWUHQJWK RI WKH VDPSOHV
ZLWKFRUXQGXPEODVWHGDOXPLQXPVXUIDFHVZHUHDOZD\V
ORZHU WKDQ WKRVH RI FRPSRXQGV ZLWK ODVHU WH[WXUHG
VKHHWV 7KHUHIRUH WKH H[SHULPHQWDO UDQJH IRU WKH
LQYHVWLJDWLRQV XVLQJ WKH DOXPLQXPSODVWLFVZHOGLQJ WHVW
VWDQG ZDV LGHQWLILHG ZLWK FRUXQGXP EODVWHG DOXPLQXP
VKHHWVDQGJODVVILEHUUHLQIRUFHGSRO\DPLGH
6.1. Parameter variation of the corundum blasted 
aluminum surface 
)LJ  VKRZV WKH DFKLHYDEOH VKHDU WHQVLOH VWUHQJWK RI
WKHMRLQHGVDPSOHVRIDOXPLQXP(1$:DQG3$
*)7KHPDLQSURFHVVSDUDPHWHUVVKRZQRQWKHPDLQ
D[HV RI WKH GLDJUDP D[LDO IRUFH WHPSHUDWXUH DQG
KROGLQJ WLPH ZHUH YDULHG RQ WKH DOXPLQXP SODVWLFV
ZHOGLQJ WHVW VWDQG 7KH PD[LPXP DFKLHYDEOH VKHDU
WHQVLOHVWUHQJWK LV LOOXVWUDWHGRQ WKHJUH\JUDGDWLRQ7KH
GLDJUDPVKRZVDEDVLFWUHQGRIWKHV\VWHPEHKDYLRU7KH
KLJKHVW VKHDU VWUHQJWK FDQ EH DFKLHYHG DW PRGHUDWH
KROGLQJ WLPHV IURP  WR  VHFRQGV )RU DQ RSWLPDO
FRQQHFWLRQ RI WKH SODVWLFV WR WKH EODVWHG DOXPLQXP D
UHODWLYHO\ KLJK SXQFK WHPSHUDWXUH RI DERXW &ZDV
UHTXLUHG 7KLV JXDUDQWHHV D FRPSOHWH PHOWLQJ RI WKH
SRO\PHU LQ WKH MRLQLQJ]RQH ,QFDVH WKH WHPSHUDWXUH LQ
WKH MRLQLQJ ]RQH ZDV FRQVLGHUDEO\ KLJKHU WKDQ WKH
PHOWLQJWHPSHUDWXUHRI3$RIDERXW&WKHSODVWLF
PDWHULDOZDVSDUWLDOO\GHVWUR\HG










D PD[LPXP VKHDU VWUHQJWK RI DERXW 1PP FDQ EH






WHPSHUDWXUH KROGLQJWLPH D[LDOIRUFH PD[VKHDUVWUHQJWK
& ±V 1 1PP

6.2. Parameter variation of the laser textured aluminum 
surface  
$VPHQWLRQHGLQWKHSUHYLRXVSDUDJUDSKDTXDOLWDWLYH
GHVFULSWLRQRI WKH H[SHULPHQWDO UHVXOWV VKRXOG ILUVW WDNH
SODFHDWWKLVSRLQWIRUODVHUWH[WXUHGDOXPLQXPVXUIDFHV
)LJ LOOXVWUDWHV WKHDFKLHYDEOH VKHDU WHQVLOH VWUHQJWKRI
WKH VDPSOHV MRLQHGZLWK WKH DOXPLQXPSODVWLFVZHOGLQJ
WHVW VWDQG 7KH GLDJUDP VKRZV D VLPLODU WUHQG OLNH LQ
SDUDJUDSK  7KH VKHDU VWUHQJWK UHDFKHG DOVR LWV
PD[LPXPLQDUDQJHRIDKROGLQJWLPHRIWRVHFRQGV
7KH ERQGLQJ WHPSHUDWXUH LV DQDORJRXV WR WKH SUHYLRXV
UHVXOWV ,W LV LGHDO IRU WKH FRQQHFWLRQ DW DERXW &
7KHVDPSOHVVKRZHGDWVXLWDEOHMRLQLQJWHPSHUDWXUHVDQG
KROGLQJ WLPHV D VLJQLILFDQWO\ KLJKHU VWUHQJWK YDOXH
FRPSDUHG WR WKH UHVXOWV RI VHFWLRQ  7KH PD[LPXP




VKRZ WKDW WKH ODVHU SUHWUHDWPHQW RI WKH PHWDO























7DEOH  VXPPDUL]HV WKH SUHIHUUHG SDUDPHWHUV IRU





WHPSHUDWXUH KROGLQJWLPH D[LDOIRUFH PD[VKHDUVWUHQJWK
& ±V 1 1PP
6.3. Exposing the plastics-sided bonding layer 





WHQVLOH VKHDU VWUHQJWK D GHHS SHQHWUDWLRQ RI WKH
SODVWLFL]HG SRO\PHU LQWR WKH FKDUDFWHULVWLF DOXPLQXP
VWUXFWXUH LV UHTXLUHG7KH DOXPLQXPVWUXFWXUHKDV WREH
VHHQDV DQHJDWLYH IRUP LQ WKH VROLGLILHGSODVWLFV LI WKH
LQFUHDVH LQ VWUHQJWK FDQ EH DWWULEXWHG ODUJHO\ WR
PHFKDQLFDO DGKHVLRQ 7R LQYHVWLJDWH WKHVH DVSHFWV WKH
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
)LJ D H[HPSODULO\ VKRZV DQ 6(0 LPDJH RI D ODVHU
WH[WXUHG DOXPLQXP VXUIDFH 7KH VXUIDFH KDV D VWURQJ
MDJJHGQHVV ZLWK PDQ\ XQGHUFXWV )LJ E LOOXVWUDWHV WKH
FRUUHVSRQGLQJ H[SRVHG SODVWLFV MRLQW VXUIDFH ZKLFK
VKRZV D YHU\ VLPLODU VWUXFWXUH 7KLV VKRZV WKH KLJK
DELOLW\RI WKHPHOWHGSRO\DPLGH WRSHQHWUDWHDQGHQFDVH
WKHWH[WXUHGDOXPLQXPVXUIDFH$QLQFUHDVHLQVWUHQJWKLV
DFKLHYHGE\PHFKDQLFDOPLFUR IRUP ILW ,Q DGGLWLRQ DQ







7KH H[SRVHGSODVWLFV VXUIDFH RI MRLQHG VDPSOHVZLWK
FRUXQGXP EODVWHG DOXPLQXP VKHHWV SURYLGHG D VLPLODU
UHVXOW2QWKHSODVWLFVVXUIDFHDOVRDQHJDWLYHIRUPRIWKH
DOXPLQXP VWUXFWXUH FRXOG EH UHFRJQL]HG 2YHUDOO WKLV
VXUIDFHSUHSDUDWLRQKDVOHVVMDJJHGQHVVDQGXQGHUFXWVVR
WKDW IRUP ILW LV OHVV GLVWLQFW 7KLV FRUUHODWHV ZLWK WKH
UHVXOWVLQSDUDJUDSKVDQG
6XPPDU\
:LWK )ULFWLRQ 3UHVV -RLQLQJ )3- D QRYHO MRLQLQJ
SURFHVV IRU DOXPLQXP WKHUPRSODVWLFV FRPSRXQGV ZDV
SUHVHQWHG DQG LQYHVWLJDWHG LQ WKLV SDSHU %RQGLQJ
PHFKDQLVPV DQG WKH ERQGLQJ EHKDYLRU KDG WR EH
DQDO\]HG LQGHSHQGHQWO\ RI GLVWXUEDQFHV RI WKH SURFHVV
OLNH IOXFWXDWLQJ RU LQFRUUHFW D[LDO IRUFHV DV WKH\ RFFXU
ZLWK WKH XVH RI D &1& PLOOLQJ PDFKLQH ,Q RUGHU WR
HOLPLQDWH WKHVH GLVWXUEDQFHV WKH )3- SURFHVV ZDV
VXEVWLWXWHG E\ VWXGLHV RQ D VSHFLILFDOO\ GHVLJQHG
DOXPLQXP SODVWLFV ZHOGLQJ WHVW VWDQG ZKLFK SURYLGHG
WKH SRVVLELOLW\ WR VHW WKH MRLQLQJ WHPSHUDWXUH WKH D[LDO
IRUFH DQG WKH KROGLQJ WLPH YHU\ DFFXUDWHO\ 7KH
LQIOXHQFHRIPDLQSURFHVVSDUDPHWHUVRI)3-DQGVXUIDFH
FRQGLWLRQV RI WKH DOXPLQXP VKHHWV RQ WKH ERQGLQJ
EHKDYLRU DQG MRLQLQJ PHFKDQLVPV RI JODVV ILEHU
UHLQIRUFHG SRO\DPLGH  ZLWK WKH DOXPLQXP DOOR\




















7KH ZRUN ZDV EDVHG RQ WKH LQYHVWLJDWLRQV RI WKH
WUDQVIHUSURMHFW7  ³)ULFWLRQ6WLU:HOGLQJRIH[WUXGHV
DOXPLQXPSURILOHVZLWK SODVWLFV´  RI WKH7UDQVUHJLRQDO
&ROODERUDWLYH5HVHDUFK&HQWHU7UDQVUHJLRZKLFKZDV
NLQGO\ VXSSRUWHG E\ WKH *HUPDQ 5HVHDUFK )RXQGDWLRQ
')* 7KH LQYHVWLJDWLRQV ZHUH FDUULHG RXW LQ FORVH




>@ $EHOH ( 5HLQKDUW *  =XNXQIW GHU 3URGXNWLRQ
+HUDXVIRUGHUXQJHQ )RUVFKXQJVIHOGHU &KDQFHQ 0QFKHQ
+DQVHU,6%1
>@ +DQVHOND + -|FNHO 0  (OHNWURPRELOLWlW (OHPHQWH
+HUDXVIRUGHUXQJHQ 3RWHQ]LDOH ,Q +WWO 5) HW DO (GLWRU
(OHNWURPRELOLWlW 3RWHQ]LDOH XQG ZLVVHQVFKDIWOLFKWHFKQLVFKH






>@ %HUJDX 0  )JHQ YRQ &RPSRVLWHV IU ]XNQIWLJH
$XWRPRELOEDXZHLVHQ ,Q &RPSRVLWHV HIIL]LHQW YHUDUEHLWHQ 9',
:LVVHQVIRUXP0D\'VVHOGRUI
>@ 6DGRZVNL 7 %DODZHQGHU 7  7HFKQRORJ\ RI &OLQFK±
$GKHVLYH -RLQWV ,Q 6LOYD / ) 0 HW DO $GYDQFHG 6WUXFWXUHG
0DWHULDOV%HUOLQ+HLGHOEHUJ6SULQJHUS±,6%1

>@ %H\HU 8 $ZLV]XV %  8VLQJ )ODW&OLQFKLQJ WR 2EWDLQ
3ODVWLF0HWDO &RPSRXQGV (GLWRUV +LUW * 7HNND\D $ ( ,Q




RI D QHZ MRLQLQJ WHFKQLTXH IRU SRO\PHUPHWDO PXOWLPDWHULDOV




RI0HFKDQLFDO (QJLQHHUV 3DUW / -RXUQDO RI0DWHULDOV 'HVLJQ
DQG$SSOLFDWLRQVS±
220   F.X. Wirth et al. /  Procedia CIRP  18 ( 2014 )  215 – 220 
 
>@ <RXVHISRXU $ +RMMDWL 0 ,PPDULJHRQ -3  )XVLRQ
%RQGLQJ:HOGLQJ RI 7KHUPRSODVWLF &RPSRVLWHV -RXUQDO RI
7KHUPRSODVWLF&RPSRVLWH0DWHULDOVS±
>@ :LUWK ) ; 5XKVWRUIHU 0 =lK 0 ) 
0LVFKYHUELQGXQJHQGXUFK5HLESUHVVIJHQZW:HUNVWDWWVWHFKQLN
RQOLQH(GLWLRQS±
>@ ',1 (1   .OHEVWRIIH  %HVWLPPXQJ GHU
=XJVFKHUIHVWLJNHLWYRQhEHUODSSXQJVNOHEXQJHQ%HUOLQ%HXWK
